Standard cages prevent mice from performing several natural behaviours for which they are motivated. As a consequence, abnormal behaviours sometimes develop and mice often spend long periods inactive. To improve welfare, cages are sometimes furnished with items such as nesting material, shelters and running wheels. We have previously reported that when allowed to self-administer an anxiolytic, mice in furnished cages consume less anxiolytic than mice in standard cages. This paper presents the results of behaviour studies of the mice in the same experiment. Female C57BL/6J mice (3 per cage) were housed in Standard (n ¼ 10), Unpredictable (n ¼ 10) or Furnished (n ¼ 6) cages. Unpredictable cages were identical to Standard cages, but were exposed to unpredictable events two to three times a week. Furnished cages were double the size of Standard cages and contained nesting material, nest box, tubes, chew blocks and a running wheel. During three consecutive periods, mice had access to only water (control), water or an anxiolytic solution on a daily alternating schedule (forced consumption), and finally, both water and anxiolytic (selfadministration). Behaviour was analysed from video recordings taken during the dark phase. The housing type affected behaviour both under the control and the self-administration conditions. Overall, mice in Furnished cages spent less time resting and performing barrelated behaviours and more time on exploratory/locomotory behaviours. Mice in Furnished cages also performed less bar-circling stereotypies than mice in Standard cages. The Unpredictable treatment did not significantly affect behaviour compared to mice in the Standard conditions. There was an overall effect of anxiolytic availability on rest-related behaviours and on exploration-locomotion behaviours, in that mice rested more and spent less time on exploration and locomotion when they were able to self-administer the anxiolytic.
criticisms concern two primary aspects: consequences for animal welfare and consequences for the scientific integrity of research based on animals housed in these conditions.
The concept of 'environmental enrichment' has been incorporated within the 3Rs (Replacement, Reduction, Refinement; Russell & Burch 1959) as a way of refining laboratory animal housing by adapting it to the behavioural biology of the animals (e.g. Patterson-Kane 2001, Olsson & Dahlborn 2002 , Sherwin 2002 , Sørensen et al. 2004 . The concept originates in experimental psychology and neurobiology research, where it is understood as a stimulus-rich contrast to barren, or even individual housing (e.g. Renner & Rosenzweig 1987) . When applied as a refinement with improved animal welfare as the primary objective, the use of the term 'enrichment' has been questioned (Duncan & Olsson 2001) on the grounds that in reality, the aim is to alleviate the poverty of the captive environment rather than 'enriching' it with resources beyond animal needs. Accompanying the introduction of an alternative to conventional cages for laying hens, Appleby et al. (2002) suggested the use of the term 'furnished' as a more correct and impartial alternative. The term is equally applicable to rodent housing and will be used throughout this paper.
Negative mental states such as anxiety, fearfulness and frustration can be expected if standard housing implies an environment where animals are not able to carry out behaviours for which they are motivated. States such as anxiety and fearfulness affect the physiological and behavioural responses of animals in various experimental situations, threatening the scientific validity of this research. Scientific validity may also be compromised when an inappropriate environment results in more long-lasting effects on the animals, such as the development of behavioural disturbances, e.g. stereotypies (see Garner & Mason 2002 , Garner 2005 .
In tests of 'emotionality' (e.g. elevated plus maze, open field, shuttle box) rodents from standard cages behave in a manner indicative of being more anxious or fearful than animals from furnished cages (Chamove 1989 , van de Weerd et al. 1994 , Prior & Sachser 1995 , Chapillon et al. 1999 , Roy et al. 2001 , Schrijver et al. 2002 .
Although these studies clearly demonstrate the influence of housing on mental states, these tests were conducted on animals outside their home cage, and so provide only an indirect measure of the animals' state when in their home environment. The present study was designed to assess possible behavioural indicators of home-cage anxiety of mice in different housing systems. Previously (Sherwin & Olsson 2004 ) the effect of housing on mental state was evaluated by measuring the consumption of an anxiolytic solution freely available to the animals during one phase of the study. The present paper describes the behaviour of the same animals during the same study.
Animals, materials and methods

Animals and housing
The study was conducted at The Institute for Molecular and Cell Biology, Porto, Portugal. Seventy-eight C57BL/6J female mice were obtained from a commercial breeder (Harlan Interfauna Ibè rica SL, Barcelona, Spain) at three weeks of age. After one week of quarantine, the mice were placed into groups of three and randomly assigned to one of three housing treatments. These were Standard (animals housed in standard cages with standard husbandry, n ¼ 10 cages), Unpredictable (animals housed in standard cages with unpredictable events, n ¼ 10 cages) and Furnished (animals housed in larger cages with a more complex environment, n ¼ 6 cages). The standard cages were wire-topped Makrolon II cages (265 mm Â 205 mm, 140 mm high). The unpredictable events comprised changing the position of the cage in the rack, or tilting the cage by 71 along the shorter side of the cage either inwards towards the wall or outwards towards the room. This was done two or three times each week for varying periods up to a maximum of 48 h, starting at a randomly selected time between 09:00 and 15:00 h, and was the same event for all cages of the Unpredictable treatment. The Furnished cages were wire-topped Makrolon III cages (265 mm Â 410 mm, 175 mm high) containing a translucent red PVC nest box (MouseHouse; Tecniplast, Buguggiate, Italy), a 115 mm diameter metal running wheel, two 100 mm long, 45 mm diameter cardboard tubes and two sheets (240 Â 220 mm) of absorbent paper (Renova SA, Torres Novas, Portugal) for nesting material which were replaced once each week.
For all cages, the sawdust bedding material (Harlan Interfauna Ibè rica SL, Barcelona, Spain) was changed once each week by transferring the mice and the cage top to a clean cage bottom with fresh bedding. Mice in all cages had ad libitum access to standard rodent chow (Harlan Interfauna Ibè rica SL, Barcelona, Spain). The room was on a 12:12 h light:dark cycle with the light phase starting at 05:00 h. Temperature and relative humidity were maintained between 21 and 231C and 70 and 100%. At the end of the experiment, after nine weeks of differential housing, the mice were euthanized with an overdose of injected anaesthetic and weighed.
Anxiolytic (self-)administration
The anxiolytic administration procedure has been described in detail in Sherwin and Olsson (2004) . In summary, the top of each cage contained two transparent drinking bottles, one marked with a blue stripe and one unmarked. The study was comprised of four phases. (1) Control (10 days): both bottles contained only autoclaved tap water.
(2) Self-administration-0.02 mg/mL (28 days): midazolam solution (0.02 mg/mL) was available in the striped bottle and autoclaved tap water in the non-striped bottle. (3) Onlymidazolam (6 days): on alternate days either only midazolam solution (0.08 mg/mL) in the striped bottle was available or only autoclaved tap water in the non-striped bottle. (4) Self-administration-0.08 mg/mL (6 days): midazolam solution (0.08 mg/mL) was available in the striped bottle and autoclaved tap water in the non-striped bottle. Midazolam solution was prepared by dissolving tablets (Dormicum s , Roche Farmacêutica Quimica, Lda) in autoclaved tap water. All bottles were weighed and refilled with fresh autoclaved tap water or midazolam solution twice each week during Phases 1 and 2, and every two days during Phases 3 and 4.
Behaviour observations
Time-lapse video recordings were made during the 12 h of the dark period during the control and the self-administration periods.
For the video recordings, we used four cameras (Ikegami ICD-47E, B/W CCD) focused on four separate cages and a camera switcher (Sanyo VQC 809 -P), which switched between the cameras at 30 s intervals. Video records were recorded on a time-lapse video recorder (Panasonic AG-TL750E), and the cages were illuminated by infrared lights (Monacor, PS-1204ST). Data were collected using The Observer s v. 5.0 (Noldus Information Technology, Wageningen, The Netherlands).
Ethogram Data were collected from the video recordings using instantaneous scan sampling (Martin & Bateson 1993) at 15 min intervals. This resulted in a total of 48 samples per experimental unit (cage) per dark phase. Time budgets were then constructed using the definitions of activities and locations given in Table 1 . A mean value per cage was calculated. Two further behaviour categories were created by pooling the recorded behaviours: rest-related behaviours (sleep/rest þ hidden þ grooming) and exploration/locomotion (bar-related exploration þ non-bar-related exploration þ wheelrunning þ jumping þ digging).
Statistical analysis
The effects of housing condition and anxiolytic availability were evaluated on data from the Control and Selfadministration periods. All data were analysed with the software Statistical Package for the Social Sciences (SPSSversion 11.5 for Windows). When the conditions for parametric testing were met, analysis of variance (ANOVA) was applied, using univariate general linear model, otherwise Mann-Whitney U-tests were applied with Bonferroni corrections for multiple comparisons when applicable.
Results
A two-way ANOVA revealed a significant effect of both housing condition and anxiolytic availability on resting and exploration/locomotion. No significant interaction between housing and anxiolytic was found.
Effect of housing condition
Mice in Furnished cages spent less time resting ( Figure 1a ) (ANOVA; df ¼ 2; F ¼ 13.904; Po0.001) but more time in exploration/locomotion behaviour ( Figure  1b) There was also a significant effect of housing on bar-related exploration. Under both Control (M-W; Z ¼ À3.259; P ¼ 0.004) and Self-administration (M-W; Z ¼ À2.671; P ¼ 0.032) conditions, mice in Furnished cages spent less time on bar-related exploration than mice in Standard and Unpredictable housing treatments (Figure 1c ).
In addition, under both Control (M-W; Z ¼ À3.278; P ¼ 0.009) and Selfadministration (M-W; Z ¼ À3.062; P ¼ 0.018) conditions, mice in Furnished cages performed less bar-related stereotypies than mice in Standard cages (Figure 1d ).
Unpredictability did not affect behaviour, in that there were no significant differences in the behaviour of mice from the Unpredictable and the Standard treatments.
Body weight was not significantly affected by housing condition.
Effect of anxiolytic availability
The availability of anxiolytic significantly affected behaviour. There was an overall effect of anxiolytic availability on rest-related behaviours (ANOVA; df ¼ 1; F ¼ 31.231; Po0.001) and on exploration-locomotion behaviours (ANOVA; df ¼ 1; F ¼ 10.539; P ¼ 0.002) in that mice rested more and spent less time on exploration and locomotion when they were able to self-administer the anxiolytic (Figures 1a and b) . Stereotypic behaviour was only affected in the Unpredictable condition, where anxiolytic access reduced the time spent on bar-related stereotypies (M-W; Z ¼ À2.995; P ¼ 0.027) (Figure 1d ).
Discussion
Providing mice with a larger, furnished cage increased their activity compared to mice in standard cages or mice in standard cages
Effects of an anxiolytic and housing on the home-cage behaviour of mice 395 non-stereotypic) and more time in exploratory/locomotory behaviours on the cage floor or in the running wheel. Behaviour was also significantly affected by whether or not the anxiolytic was available, in that mice rested more and spent less time in exploration/locomotion when they had access to the anxiolytic. The increased time spent in exploration/ locomotion by the mice in the Furnished cages was largely accounted for by wheelrunning. Mice in Furnished cages spent between 40 and 70% of their exploration/ locomotion time wheel-running, an activity not available to mice in the Standard or Unpredictable cages. Voluntary wheelrunning is a highly motivated, complex behaviour with multifarious effects on behaviour and physiology (Sherwin 1998 ). For instance, Harri et al. (1999) suggested that mice use running wheels rather than climbing, which is supported by the present data showing that mice in Furnished cages spent significantly less time on bar-related exploration (Figure 1c ). In addition, voluntary wheel-running alone was sufficient to generate the increased cell proliferation and neurogenesis (van Praag et al. 1999) , as well as the reduced anxiety/ emotionality (Binder et al. 2004 ) typical of more complex schemes of furnished cages. On the other hand, none of the present effects on locomotor activity or bar-related activities (stereotypic and non-stereotypic) were found in a study where cages were furnished in the same manner as the present with the exception of the running wheel (Marques & Olsson 2007) .
The housing effect on bar-related stereotypies is of particular interest for animal welfare. Although a reduction in abnormal behaviours is desirable when cages are furnished as a refinement measure (e.g. Baumans 2005 ), a recent review found only two papers reporting a stereotypy-reducing effect of environmental enrichment for mice (Garner 2005) . The present results show that the Furnished cages with a running wheel were effective in reducing the amount of stereotypies. Although it has been suggested or implied that wheel-running itself is a stereotypy (e.g. Richards 1966 , Roper & Polioudakis 1977 , as previously outlined (Sherwin 1998) , there are several aspects of wheel-running that suggest that, although the behaviour shares some of the characteristics, it is distinct from stereotypic behaviours. Wheel-running is less invariant and more plastic (animals easily adapt their running behaviour to wheels of different shapes), it develops rapidly when access to a wheel becomes available, and it is performed by animals housed in complex, even semi-natural environments. As regards scientific integrity, the major concern with stereotypic behaviour in laboratory rodents is their association with exaggerated persistency of responses which is reflected in performance in standard behaviour tests (Garner & Mason 2002) . It would be enlightening to evaluate if there is any similar association between wheel-running and behavioural persistency.
The aim of the Unpredictable treatment was to create a situation that would be mildly stressful without subjecting the animals to directly aversive situations (hence the choice of manipulations that in themselves were perceived by us to be neutral). However, the finding that neither behaviour nor anxiolytic consumption (Sherwin & Olsson 2004 ) was affected suggests that the animals did not perceive the unpredictability as stressful. The related 'chronic mild stress' paradigm (applied to induce depression-like behaviour in rodents) usually contains a wider variety of unpredictable treatments that are generally more aversive, and it is possible that the present treatment containing only two different situations was not sufficiently varied to produce a detectable effect (see e.g. Cabib 1997) .
Overall, giving mice the opportunity to self-select anxiolytic increased resting and decreased exploration/locomotion and barcircling stereotypies. These effects of reduced activity were found only in the Standard and the Unpredictable housing treatments, consistent with the greater preference for anxiolytic solution by mice in these cages (Sherwin & Olsson 2004 Choleris et al. (2001) found a benzodiazepine (diazepam and chlordiazepoxide) effect on anxiety-like behaviours, but not on overall locomotion. The underlying motivation of the mice in the recorded behaviours is not known, and it is possible that part of the locomotory behaviour we recorded was anxiety-motivated and therefore affected by the anxiolytic.
We have previously reported that mice housed in Furnished cages with a running wheel show less preference for an anxiolytic than mice in Standard and Unpredictable cages, suggesting that mice in Furnished cages experience less anxiety and presumably better welfare (Sherwin & Olsson 2004) . In the present study of the same mice, we report that both housing conditions and anxiolytic availability affected the behaviour of the mice in the home cage. Overall, mice in Furnished cages spent less time resting and performing barrelated behaviours and more time on exploratory/locomotory behaviours. Of particular interest is that mice in Furnished cages performed a common abnormal behaviour (bar-circling stereotypies) less than mice in Standard cages. Taken together, the decreased anxiolytic preference and the decreased amount of stereotypies indicate that mice in Furnished cages experience better welfare than mice in Standard cages.
